Higher co-moments and asset pricing on emerging stock markets by quantile regression approach Abstract: This paper investigates the role of the third and fourth moments which impact on weekly stock return for the all twenty-five emerging stock markets (featured by MSCI -Morgan Stanley Capital International) during the period from April 2005 to November 2017. We employ the traditional CAPM combined with co-skewness and co-kurtosis representing nonlinear shape in risk measurement to estimate return generating under quantile regression in descending order by sorting equally weighted portfolios. The findings show that three of premium including market premium, co-skewness premium and co-kurtosis premium has influenced stock return in each country by 1%; 5%; 10% significance level with five-quantile regression approach. Then, our models with higher co-moments have better explanation for securities in emerging markets rather than traditional CAPM. Importantly, the investors should add more co-skewness securities and eliminate co-kurtosis (or less this factor) to generate more returns among 25 developing markets.
Introduction and literature review
This research found the evidences about the impact of third and fourth co-moment on pricing assets. There are some researches from the past to examine the first and second moment on constructing investing portfolios such as Markowitz (1952) , Sharpe (1964) and Lintner (1965) . Investors have a first look at the link between risk and return through the Capital asset pricing model. This is also considered as the foundation for effective portfolio theory. As a result, the CAPM model has widely applied in the investment, risk management and become the core content of university curriculums. Scientists have further extended this model by adding variables such as value, size, value-at-risk… Based on these studies, more specific measurement of the relationship between the systemic risk and the return on investment portfolios were made. In particular, Fama & French (2008) pointed out the failure of practical application of Sharpe (1964) and Lintner (1965) . The authors added two factors as SMB and HML to examine the association between size and value in influencing the return of equity.
Besides the first and second factors, the researchers attached higher co-moments to CAPM model (as Kraus & Litzenberger, 1976) to show the influence of skewness on valuation. This study showed that the consistency between the prediction of the return through the tertiary factor on the traditional CAPM model namely the intercept of the third risk premium equal to the compensation of the risk-free rate. In addition, the authors also referred the inconsistency between the traditional model and the intercept coefficient that traditional theory can be attributed to misspecification of the capital asset pricing model by omission of systematic skewness. Harvey & Siddique, 2000 built equity portfolios on various criteria such as industry, size, book-to-market ratios, co-skewness with market portfolio (which the authors defined co-skewness as the component of an asset of skewness related to the market portfolio of skewness) and momentum using both monthly holding periods. By adding these variables to the traditional CAPM, the authors provided evidences to back up their research by pointing out that the market tends to outperform with 5% each year when the correlation is positive skewness and underperform 2.81% per year with negative skewness.
Most current researches studied higher co-moments in considering the risk-adjusted performance on The US equity securities (Moreo & Rodriguez, 2009 ). Another study on the impact of higher co-moments was conducted by Kostakis (2012) in the UK stock market as well as compared to the experimental results between the original CAPM and the extended CAPM model. Regarding the emerging stock market, there were quite a number of studies looking at the correlation between skewness and kurtosis. However, these researches have only just concluded to consider the interrelationship between the return of emerging market and the global stock market (Bekaert,1996) or skewnesscoefficient measurement becoming criteria in building effective portfolios (Canela, 2007) . Based on these research gaps, we conducted a measure of the impact of higher comoments on returns through the expansion of the CAPM model.
Research model and data

Research model
By adding more factors in the traditional CAPM, we are followed many previous researches such as Kraus & Litzenberger (1976) 
where it represents , ; , and , are constructed by weekly stock return from one national index for each Emerging market, the London Interbank Offering Rate demonstrating for risk-free rate by Kostakis, Muhammad, & Siganos (2012) and the Market return building up all emerging markets (called MSCI Emerging markets), respectively. These co-efficient indicators are known as proxies of market premium ( 1, ), the square of market exceeding return ( 2, ), the cube of ones ( 3, ).
It is also known as another model, which is valid of Stochastic Discount Factor (SDF) called 'M' included quadratic and cubic market returns as follows:
In order to define the non-linear functional form for central asset, this model is more clear explanation for expectation of return in the next following period:
One of the most important variables in our main research model in (1) is premium for coskewness (or co-kurtosis). We refer to the previous calculation by Kostakis, Muhammad & Siganos (2012) to define co-skewness and co-kurtosis hereinafter:
It denotes that , is the residual elements collecting from CAPM regression. In addition,
, is the deviation between market return in week t from the benchmark of average value from the previous date (t -1) to date (t). Moreover, Kraus & Litzenberger (1976) calculate the degree of co-skewness and co-kurtosis as follows: Then, we decided to use the method proposed by Kraus & Litzenberger (1976) to estimate these parameters. Finally, we mainly employ quantile regression corrected heteroscedasticity, and its regression method will help to fully considering effect of outliers to observe the entire distribution of return, not merely its conditional mean as OLS.
Research data
We collected weekly stock index data from 25 emerging markets, classified by MSCI, in the period from 2005 to 2017. In addition, the index of MSCI-EM is extracted to represent to emerging countries' market return portfolio. We apply logarithm return calculation by Miller (2013) to estimate return for these indexes. We employ the method by Kostakis, Muhammad, & Siganos (2012) to calculate risk-free rate as London Interbank Offering Rate for periodic week. All figures are collected from the Thomson Reuters. Afterward, we estimated the difference with the highest group and lowest one to calculate this premium for co-skewness and co-kurtosis with market. When it comes to premium of co-skewness and co-kurtosis from constructing the portfolio with equally weighted in descending-order level by Kraus & Litzenberger (1976) .
Findings and results
By results presented in table 1 regarding descriptive statistics, the authors concluded that the differences and volatilities from these data are skewed and shaped in lepto-kurtosis. Most of variables are shown as left tail lying with negative value calculation. Interestingly, the mean of return is going around value 'zero'. Based on the regressed results, the market risk premium has significance level at 1% for all 25 emerging markets for five quantile levels. The top of high coefficient (over 0.5) lies in Brazil, China, Egypt, India, Indonesia, Korea, Philippines, Russia, Taiwan, which means that these stock return from the aforementioned markets are well explained by market factor. The lowest value comes from United Arab Emirates whereas the remaining figures are fluctuated over 0.3. Once again, market risk premium mainly contributes to stock return as the CAPM theory with the emerging markets testing scope. For two factors added into model, we recognize the unbalanced influence on stock returns for 25 emerging countries. The impact of coskewness premium is less than the one of co-kurtosis. In particular, most co-skewness premium has positively affected to stock return with 24 over 53 coefficients (with five quantiles) at 1% significance level. Especially, Egypt, Qatar, Saudi Arabia, Thailand and United Arab Emirates are the typical examples for explaining this element to national return, which means that the highest impact. However, for Mexico scope, this figure is in inverse relation. It is noticeable for investors when putting their money into this market, which could adversely generate negative return. When it comes to co-kurtosis premium, there are 67 coefficients over 89 parameters, which have significance level at 1%. Noticeably, most emerging markets' stock returns are explained by co-kurtosis premium with quite high ratio, 75% countries. Interestingly, this factor has two-side impact on stock returns of 25 regions. China, Egypt, Indonesia, Malaysia, Pakistan, Philippines, Qatar, Saudi Arabia, Taiwan, Thailand and United Arab Emirates experienced the negative parameters, which means that co-kurtosis premium causes negative effect on stock returns. Meanwhile, the remaining countries receives the coefficients ranging from 0.139 to 0.68 for same direction to stock returns. In terms of R 2 , CAPM model expanded with higher co-moments can be explained from 3.7% to 47% for stock returns. To be more detail, our proposed model is less appropriate with Pakistan due to the lowest R 2 . In contrast, Brazil has the highest value. To compared with the traditional CAPM model, this value of explanatory stands from 2% to 40% for listed securities (Jeald et. al., 2017) .
Robustness
After individual regression by quantile approach, we employed panel data regression (with the total 25 emerging markets during 657 weeks) to ensure our higher co-moments have significance level for these countries. We approached by pooled-OLS, Fixed-effect model (FEM), Random-effect model (REM) and the test of errors in order to check robustness our aforementioned hypotheses. When testing for all samples of emerging stock markets, three factors including market risk premium, co-skewness and co-kurtosis premium also have significance level at 1% for three-regression approach. However, it is considerable to emphasize the positive effect of market as well as co-skewness on stock returns. However, it is shown that stock returns by these nations are negatively affected by co-kurtosis premium. After testing of Hausman test, we decide to choose Random Effect Model to estimate our research model. The result is not different among three-researched models (pooled-OLS, Fixed-effect model and random-effect model). According our tests, we defined that this method faces heteroscedasticity and serial correlation in first degree. Therefore, the quantile regression is the most appropriate solution for this phenomenon.
In conclusion, our research model approaches the robustness for the total emerging markets.
Conclusion
Using higher co-moments as the independent variables, we conclude that co-skewness and co-kurtosis have significance level at ranging level from 1% to 10% besides market premium. These higher co-moments are risk factors influencing to stock returns on 25 emerging markets as MSCI classification. When adding into portfolios with securities from more co-skewness markets, the stock returns will be higher due to positive impact. This implies that the current portfolios are incurred by risks. Hence, the investors should be prudent to generate portfolios from negative co-skewness stock markets in developing markets. Finally, yet importantly, the co-kurtosis has different side with co-skewness. The higher co-kurtosis premium is added, the less return is generated. The international investor need to diversify with as low as possible kurtosis securities in emerging markets. This table reports regression results including τ = 0.1, 0.25, 0.5, 0.75 and 0.9 for the research model on equally-weighted portfolios. The above table is conducted for 65,700 observations (compatible with weekly collected data) of 25 emerging markets during 657 weeks. Portfolios is maintained in the research process to measure effects of co-skewness on stock returns. The risk factors are estimated by quantile regression on excess portfolio returns and risk free rate on the corresponding market, co-skewness as well as co-kurtosis risk factors. (*), (**), (***) reflected statistically significant of the corresponding coefficients at 10%, 5% and 1% level. Standard errors of the corresponding coefficients are reflected in square brackets. The last row reports R 2 of the model including these variables. Source: The authors.
